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CONFIGURATION FOR AXIAL RETENTION
OF BLADES IN A DISC

BACKGROUND OF THE INVENTION

This 1nvention relates to a configuration for retention of
blades 1n an axial direction 1n a disc of a turbine engine
which may 1n particular be used 1 fans at the inlet of the
latter.

DISCUSSION OF BACKGROUND

The concern here 1s damage situations which may occur
when a blade breaks through an impact produced by a
foreign body entering the engine or upon a fault. The blade
let loose strikes its neighbor and exerts significant axial and
radial stresses on i1t which may break it in turn.

SUMMARY OF THE INVENTION

With the device provided herein, the axial component of
an 1mpact force exerted on the blade may be absorbed. This
1s a special configuration involving shims for securing the
blade, located between the disc and a bottom of the blade
which slides 1n a groove, and which stops 1ts axial move-
ment in the groove.

The securing parts form a relatively flexible set with
deformation capabilities which are exploited here, by letting
the blade move 1n the groove up to a determined limat.
Relatively significant energy 1s absorbed without there being
any excessive force exerted on the struck blade. The defor-
mation 1s reversible, 1.e. the shims of the securing set return
to their initial state after the impact, the blade 1s pushed back
to 1ts 1nitial position, other impacts may further be absorbed,
and notably other impacts subsequent to the iitial 1mpact
may be absorbed during the same event.

This assembly, elastic 1n the axial direction, of a blade
sliding 1n an axial or slightly oblique groove differs from
known configurations, where the blade 1s either stiffly con-
nected to the disc and 1s denied any possibility of axial
travel, or 1s axially retained by a part capable of breaking or
buckling in the case of an excessive axial force. The blade
undergoing the impact 1s likely to break easily in the first
case, and the broken or buckled part will be unable to
withstand other high loads during the same event, 1n the
second case.

Another aspect of the invention 1s that deformation which
the securing parts may undergo, 1s nevertheless limited, so
that they do not retain permanent deformations: a stop 1s
added for this purpose between the blade and the disc. When
displacement of the blade has been sufficient for it to reach
the stop position, the mechanical system becomes much
stiffer, 1.e. much more significant stress increases are
required for producing further displacements. The energy
from the axial impact as well as stresses are then distributed
among both levels of the retention configuration of the stop
system, and the breaking of either one of the systems 1is
avolded.

The first level’s retention has such a flexibility that 1t
enables the blade to slide 1nto the recess of the disc without
any significant axial stress before intervention of the second
level after reaching an i1mposed clearance and, at this
moment, the blade 1s retained by including the stiffnesses
and capabilities of the configuration.

The utility of the invention 1s not limited to the absorption
of 1mpact forces subsequent to a breaking of a neighboring
blade, but to all the causes of axial stresses on the blade, such
as 1mpacts from solid bodies, birds or other objects.
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2

It will be seen that a great number of embodiments,
externally different from one another, are possible for the
invention, but a general definition for the latter 1s a configu-
ration for retaining a blade in a disc where the blade may
substantially slide axially in the disc, comprising shims for
securing the blade, characterized in that the securing parts
are jomned together by couples of axially directed stop
surfaces and finishing either on a portion of the disc or on
one of the securing parts, which 1s combined with the disc,
wherein the securing parts or the portion of the disc are at
least partly flexible, and i1n that there i1s a determined
clearance in the axial direction either between a portion of
the disc or a portion of a part joined to the disc, and either
a portion of the blade, or a portion of a part jomned to the
blade, said clearance 1s exhausted when a determined axial
stress has been exerted on the blade. In other words, 1t may
be stated that the 1nvention 1s also related to a configuration
for retaining with double flexibility a blade 1n a disc accord-
ing to axial displacements of the blade, comprising a first
deformation level with significant flexibility and a second
deformation level marked by disappearance of clearances
between at least a chain of components of the configuration
and by a reduction 1n flexibility combined with an increasing,
load on the components of the chain, without any breaking
or buckling of any of the components of the chain.

" the

The configuration may be located on only one side of
blade, or on either side, wherein advantageously the clear-
ance 1s then on one side and the securing parts on the other.

BRIEF DESCRIPTION OF THE DRAWING

All this, as well as more particular aspects will be more
apparent 1n the description which follows, 1n conjunction
with the appended drawings and which are listed below:

FIG. 1 1s a cross-sectional view of a first embodiment of
a portion of a fan of the present mvention showing an
assembly for fixing the blades;

FIGS. 2 and 3 are enlarged views of the cross-section of
FIG. 1 showing the detail of both ends of the configuration
for retaining the blades which 1s within the dashed circle 11
and III, respectively, of FIG. 1;

FIG. 3A 1s cross-sectional view of an essential component
of FIG. 3 taken along line IIIA—IIIA of FIG. 3; and

FIG. 4 1s a cross-sectional view of a second embodiment
of a portion of the fan of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 illustrates certain essential parts of a fan for a turbo
engine, 1ncluding a cone 1, a disc 2 covered by the cone 1
and blades 3 the fins 4 of which emerge from cone 1 and
which further comprise bottoms S housed within the grooves
of disc 2. As 1t 1s known, the blade bottoms analogously have
a bulbous, dovetail or bulging section 1n a complementary
shaped groove, so as to be embedded within it and prevent
centrifugal movements from extracting the blades 3 when
cone 1 rotates with the rotor of the turbo engine.

Now, more particularly, reference will be made to FIG. 2
which shows the front of the configuration. The blade
bottom 5 1s placed on a shim 7 which holds it 1n place against
the top of the groove by protruding forwards, where shim 7
abuts against a circumferential retention ring 8 which itself
abuts forwards against a rim 9 of disc 2. The circumferential
retention ring 8 has steps 25 with a limited angular extent
which receive the ends of shim 7 and prevents them from
axially moving in grooves, as 1t 1s known. Furthermore, a



US 6,595,755 B2

3

flange 10 covers ring 8, rim 9, and shim 7 and 1s exhibited
as a rather thin envelope 11 attached to an external portion
12 of disc 2 via screws 13.

An 1mportant aspect of the invention lies in the couples of
stop surfaces 27, 28 and 29, facing cach other, surfaces
positioned on bottom 5 and shim 7, on shim 7 and ring 8, and
on ring 8 and rim 9, respectively, these surfaces are directed
in an axial direction.

When the blade bottom 5 1s moved forwards, 1t pushes
back shim 7, then ring 8, until rim 9 1s touched, by
successive contact of the couple surfaces 27, 28 and 29.
However, this stacking in the axial direction 1s relatively
flexible because of the number of involved parts and of their
capabilities of undergoing deformation, especially by bend-
ing and torsion of ring 8 owing to its thinness and to radial
shifting of the couples of stop surfaces 28 and 29 between
which 1t 1s located: further displacement of the blade bottom
5 by a determined value will therefore require that a certain
force be exerted, but a relatively weak force 1n a first
deformation stage. A neck 6 of disc 2, leading to rim 9, also
bends under the load and provides extra flexibility.

FIG. 3 1s now considered wherein the other side of disc 2
and of blade 3 1s illustrated.

Disc 2 1s bolted therein to a drum 14 which comprises a
rim 15 finishing as a cap which covers the blade bottom 5
and shim 7. Furthermore, drum 14 is provided with a rim
with notches 17, each one of which caps a tenon 19 of a rear
portion 20 of blade bottom 5, and a lug 21 of this rear portion
20 extends behind rim 18, from which it 1s separated in
normal circumstances by a determined clearance 22, when
the blade does not undergo any significant axial stress. In the
event of this occurring and of the blade moving forward,
clearance 22 1s progressively reduced but remains when
parts 7, 8 and 9 start to undergo deformation. When the latter
has reached a certain value, clearance 22 1s exhausted and
direct contact 1s established between lug 21 and rim 18; as
both of these parts are much stiffer than those from the front
of the assembly, much larger forces are required for further
displacing the blade forwards, as a result, a blade assembly
1s obtained, slightly stiff for small displacements but highly
stifl for larger displacements. This property provides absorp-
fion of rather significant impact energies, received by the
blade 1n exceptional loading circumstances like the swal-
lowing up of birds or especially the loss of a blade, without
any risk of damaging the different parts of the retention
configuration.

This assembly design for the blade with two successive
levels of stifiness may be implemented through technical
confligurations exhibiting a different aspect, as shown 1n
FIG. 4. The blade bottom 5 1s again placed on a shim 7
mounted 1n the same groove of disc 2, and 1ts position on the
circumference may be provided by a part analogue to ring 8,
which however 1s not 1llustrated here and 1s no longer
involved 1n the assembly of the mnvention. Here, a flange 30
covers shim 7 and blade bottom 5 at the front; it 1s joined to
disc 2 by bolts 31 and radially extends towards the outside
before 1ts bending into the shape of a hook 32 with a limited
angular extent which 1s located facing the blade bottom 5; 1t
comprises, not far from bolts 31, a thinned portion 33 which
provides 1t with increased flexibility. Moreover, disc 2
comprises a rim 34 extending towards the outside, provided
with steps of limited angular extent and finishing behind the
hook 32 also stepped, between it and the actual flange 30.
The steps of hook 32 and of rim 34 are extended so that the
solid portions of the two parts face each other and are
normally separated by clearance 35.
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4

In this design, all the components of the assembly with
two stifiness levels are therefore located at the front of the
blades, whereby clearance 35 plays the role of former
clearance 22. When a blade undergoes a force in the forward
direction, the bottom of blade 5§ pushes back shim 7 by
having flange 30 bend through its thinned portion 33, until
clearance 35 has disappeared and hook 32 abuts against rim
34, much stiffer than flange 30, which strongly increases the
strength of the assembly with regards to further displace-
ments of the blade. Deformation of the securing parts is
accomplished by the stop between both couples of surfaces
27 and 36, located on bottom 5§ and shim 7 (as above), and
between shim 7 and flange 30, respectively.

What 1s claimed as new and desired to be secured by
Letters Patent of the United States 1s:

1. A rotor assembly comprising:

a disc;
a blade sliding 1n the disc 1n a substantially axial direction
of the disc;

a first stop system including securing parts, the securing
parts being at least partially flexible and being located
between the disc and the blade; and

a second stop system including a pair of opposing
portions, the opposing portions being separated by an
axial clearance, a first one of the opposing portions
being provided on either the disc or a part secured to the
disc and a second one of the opposing parts being
provided on either the blade or a part secured to the

blade,

wherein when the blade 1s subjected to a predetermined
force, the blade 1s displaced in the substantially axial
direction with respect to the disc, the securing parts are
displaced towards each other so that stop surfaces of
the securing parts contact each other, the securing parts
become temporarily deformed upon contact with each
other, and a length of the axial clearance between the
opposing parts becomes equal to zero, and

wherein when the predetermined force on the blade is
stopped, the blade 1s displaced back to an original
position thereof, the securing parts are displaced back
to original portions thereof so that the stop surfaces of
the securing parts are no longer 1n contact with each
other, and the securing parts are no longer deformed
due to the at least partial flexibility of the securing
parts.

2. The rotor assembly according to claim 1, wherein the
first stop system and the second stop system are located on
opposite sides of the blade 1n the substantially axial direction
of the disc.

3. The rotor assembly according to claim 1, wherein the
securing parts comprise a portion of a shim located under a
bottom of the blade.

4. The rotor assembly according to claim 3, wherein the
securing parts comprise a ring for circumferentially retain-
ing the shim.

5. The rotor assembly according to claim 4, wherein the
ring has a first stop surface and a second stop surface of the
stop surfaces of the securing parts, the first stop surface
being radially offset from the second stop surface.

6. The rotor assembly according to claim 4, wherein the
securing parts only comprise the portion of the shim and the
ring.

7. A rotor assembly comprising;

a disc;

a blade sliding 1n the disc 1n a substantially axial direction

of the disc;




US 6,595,755 B2

S

a first stop system including securing parts, the securing

parts being at least partially flexible and the securing
parts being located between the disc and the blade; and

second stop system including a pair of opposing
portions, the opposing portions being separated by an
axial clearance, a first one of the opposing portions
being provided on the disc, and a second one of the
opposing portions being provided on one of the secur-
ing parts which 1s at least partially flexible and which
1s secured to the disc,

wherein when the blade is subjected to a predetermined

force, the blade 1s displaced in the substantially axial
direction with respect to the disc, and the securing parts
are displaced toward each other until stop surfaces
thereof contact each other thereby causing the securing
parts to become temporarily deformed and a length of
the axial clearance between the opposing portions
becomes zero, and
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wheremn when the predetermined force on the blade 1s
stopped, the blade 1s displaced back to an original
position thereof, the securing parts are displaced back
to an original position thereof so that the stop surfaces
of the securing parts are no longer in contact with each
other, and the securing parts are no longer deformed
due to the at least partial flexibility of the securing
parts.

8. The rotor assembly according to claim 7, wherein one

of the securing parts, which 1s at least partially flexible, 1s a
flange covering a bottom of the blade, and the opposing
portions are a hook of the flange and a rim of the disc, the

(

flange comprising a thinned flexible portion located between
he hook and a position where the flange 1s attached to the

C
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